In mice, the juvenile spermatogonial depletion (jsd) mutation results in a single wave of spermatogenesis followed by failure of type A spermatogonial stem cells to repopulate the testis, rendering male animals sterile. It is not clear whether the defect in jsd resides in a failure of the somatic component to support spermatogenesis or in a failure that is intrinsic to the mutant's germ cells. To determine if the jsd intratesticular environment is capable of supporting spermatogenesis, germ cell transplantation experiments were performed in which C57BL/6 ROSA germ cells were transplanted into jsd recipients. To determine if jsd spermatogonia are able to develop in a permissive seminiferous environment, jsd germ cells were transplanted into W/W v and busulfan-treated C57BL/6 animals. The data demonstrate that up to 7 mo after transplantation of normal germ cells, jsd seminiferous tubules are capable of supporting spermatogenesis. In contrast, when jsd germ cells were transplanted into busulfantreated C57BL/6 testis, or into testis of W/W v mice, no jsd-derived spermatogenesis was observed. The data support the hypothesis that the jsd phenotype is due to a defect in the germ cells themselves, and not in the intratubular environment.
INTRODUCTION
The production of mature spermatozoa is a highly complex sequence of coordinated mitotic, meiotic, and differentiation events; perturbation at key stages in this process results in sterility. In mice that are homozygous for the juvenile spermatogonial depletion (jsd) mutation, a single wave of spermatogenesis is followed by failure of type A spermatogonial stem cells to differentiate, rendering male animals sterile [1, 2] . Hormonal profiles of jsd homozygous males indicate that circulating testosterone levels are normal at all ages, while serum FSH levels are elevated in mice from 4 to 20 wk of age, then return to normal by 52 wk of age [1] . This mutation is of considerable interest in that no other abnormalities are apparent in homozygous males, and female jsd/jsd animals are apparently normal. It is unclear whether jsd mutant germ cells are capable of normal differentiation, or whether it is the intratesticular environment that is the source of the abnormality. Although previous studies have attempted to address this question [3, 4] , they were hampered by an inability to separate the contribution of the somatic component from the germ cell component in an analysis of this defect. The present study uses the technique of germ cell transplantation to determine if the defect in jsd resides in the intratesticular environment or in germ cells themselves.
In 1994, Brinster and colleagues [5, 6] described a technique for the transplantation of spermatogonia from one mouse into the seminiferous tubules of a sterile recipient mouse. After an initial ''settling in'' period, the transplanted spermatogonia colonize the seminiferous tubules of the recipient and apparently normal spermatogenesis is observed. Data from Brinster's laboratory have demonstrated that spermatogonial stem cells may be used from early postnatal, prepubertal, and postpubertal animals to establish spermatogenesis in an otherwise infertile animal [6] . Recipients for these transplants have been either chemically sterilized animals or animals whose sterility is the result of a defect in the W locus, which encodes the c-kit receptor [5] [6] [7] . Depending on the extent of colonization, progeny from the transplanted genome have been observed [6] . This technique provides an ideal experimental paradigm in which to separate the function of germ cells and somatic cells in the control of spermatogenesis.
Germ cell transplantation experiments were performed to determine whether the jsd phenotype is due to a defect in the intratesticular environment or in spermatogonia. Germ cells from C57BL/6 ROSA animals were transplanted into the seminiferous tubules of jsd mice to determine if the intratesticular environment was capable of supporting spermatogenesis. Germ cells from jsd mice were transplanted into the testis of W/W v and busulfantreated C57BL/6 animals to determine if jsd spermatogonia are capable of proliferation and differentiation in a normal intratubular environment. The extent of colonization was observed at 3, 5, and 7 mo post-transplantation in both sets of animals. The data clearly show spermatogenesis progressing in jsd seminiferous tubules for at least 7 mo post-transplantation. Apparently normal cell associations were maintained in the jsd seminiferous tubules, with spermatids and mature spermatozoa from the donor animal apparent at 3, 5, and 7 mo post-transplantation. No jsd-specific spermatogenesis was observed in either W/W v animals or in busulfan-treated C57BL/6 recipient animals, which suggests a failure of jsd spermatogonia to colonize normal tubules. The data clearly indicate that the somatic component of jsd animals is capable of maintaining spermatogenesis, and suggest that the defect in jsd lies in the germ cells themselves.
MATERIALS AND METHODS

Animals
Protocols for the use of animals in these experiments were approved by the Baylor College of Medicine Animal Care and Use Committee and in accord with National Institutes of Health standards established by the Guidelines for the Care and Use of Experimental Animals. Mice used in this report were obtained from a breeding colony raised at Baylor College of Medicine. The jsd/jsd C57BL/6 female progenitors were obtained from Jackson Laboratories (Bar Harbor, ME) (a kind gift of Dr. Wesley Beamer) and bred to C3H/HeJ males to obtain F1 animals. F1 jsd/ϩ males were then back-crossed with the jsd/jsd C57BL/6 females. Animals carrying two B6 alleles at all chromosome 1 loci tested were chosen as breeder females and mated with back-cross males that were heterozygous for jsd (verified both by typing with chromosome 1 markers and by fertility because jsd/jsd males are sterile). Animals chosen for transplantation, either as donors or recipients, carried two B6 alleles at all markers between d1MIT 253 and d1MIT 334, the critical interval for the jsd phenotype based on our back-cross analysis (unpublished data). Verification of the phenotype was accomplished by visual inspection before transplantation (jsd mice have visibly reduced testis size at 4-6 wk of age). Donor jsd/jsd animals were from approximately 4 wk of age, and recipient jsd/jsd animals were from 8 to 12 wk of age.
Transgenic mice (C57BL/B6,129-TgR(ROSA 26)26SOR), designated ROSA26, were obtained as a kind gift of Dr. Paul Overbeek, Baylor College of Medicine, Houston, TX. The mice were maintained at Baylor College of Medicine on a C57BL/6 genetic background and contain the Escherichia coli LacZ structural gene. Many cell types express the transgene, produce ␤-galactosidase, and can be stained blue with 5-bromo-4-chloro-3-indolyl ␤-D-galactoside (Xgal). Use of these animals has been described previously to identify donor-derived stem cells and differentiating germ cells in nontransgenic recipient mice [5, 6] .
Male C57BL/6 mice were obtained from Jackson Laboratories, and treated with busulfan (50 mg/kg BW) at 4-6 wk of age to destroy endogenous spermatogenesis [5, 8] . Homozygous mutant W/W v mice (which lack spermatogenesis due to a defect in the c-kit receptor) were obtained from Jackson Laboratories and were also used as recipients of jsd/jsd spermatogonia. Donor cells from 4-wk-old jsd/ jsd animals were transplanted into C57BL/6 animals 5 wk after busulfan treatment or into 10-wk-old W/W v mutants.
Cell Preparation and Transplantation Procedures
Donor testicular cells were isolated from approximately 4-wk-old transgenic ROSA 26 or jsd/jsd animals. Anesthetized animals were killed by cervical dislocation to obtain testicular stem cells for transplantation. The testes from donor animals were immediately removed and placed in Hanks balanced salt solution (HBSS) without calcium and magnesium, pH 7.4. The testis was detunicated and seminiferous tubules were teased apart to facilitate enzymatic digestion. A single cell suspension of testicular cells was obtained by repeated digests in calcium-and magnesiumfree HBSS containing 165 units of collagenase/ml (Type IV, Sigma Chemical Company, St. Louis, MO), 165 units of hyaluronidase (Type I-S, Sigma), 34 Kunitz units of DNAse (Sigma) and 0.025% trypsin (Life Technologies, Gaithersburg, MD) at 37ЊC with occasional pipetting. When a single cell suspension was obtained the cells were counted, pelleted by centrifugation at 600 ϫ g for 5 min, and suspended in injection media [5] at a concentration of 6.8 million cells/ml. Prior to injection, the viability of the cells was determined by trypan blue exclusion. In all cases, viability of the cells was Ͼ90%.
Microinjection needles were constructed from 20-l glass micropipettes (VWR, West Chester, PA, catalog 53432-740) drawn on a pipette puller (Sutter Instruments, Model P-97, Novato, CA). The tip of each pipette was ground to a sharp beveled point on a microbeveler (World Precision Instruments, Sarasota, FL, model 48000-F). During the grinding process, a small flow of sterile saline was pushed though the injection needle via tubing, which connected the needle to a 6-cc syringe. Needles with tip angles of approximately 30Њ and internal tip diameters of 40-65 m were used for injections.
The injection procedure was a modification of the efferent duct injection procedure described by Ogawa et al. [9] . Rather than injecting into an efferent duct, the efferent bundle containing the ducts was used as a guide to insert the tip of the injection pipette directly into the rete. Briefly, once the efferent bundle was located, a small incision was made in the bundle approximately 3 mm from its junction with the testis with a sterile 30-gauge needle. The tip of the injection pipette was inserted by hand through the slit into the bundle, then gently pushed toward the rete. As the tip entered the area of the rete, pressure was applied to the cell suspension in the pipette from an Eppendorf transjector (model 5246) and the suspension was injected into the rete and then into the seminiferous tubules of the testis. Between 55% and 80% of the surface tubules were filled during each injection. In most cases, the uninjected contralateral testis served as the negative control for these experiments.
Analysis of Recipient Testis
At 3, 5, and 7 mo post-transplantation, recipient males were killed (n ϭ 3/time point) and the testis fixed for Xgal staining (jsd/jsd males) or for histological and sequence-tagged site polymorphism analysis (jsd/jsd W/W v , C57BL/6 busulfan-treated males). For analysis of jsd/jsd recipient testis, X-gal staining was detected using reagents obtained from Specialty Media (Princeton, NJ). The tunica was removed from each testis and the seminiferous tubules were dissected apart using fine forceps. The dispersed tubules were fixed for 2 h in 4% paraformaldehyde at 4ЊC and washed in tissue rinse solution A for 30 min at room temperature. Samples were then incubated in tissue rinse solution B for 5 min at room temperature and the presence of ␤-galactosidase was visualized with complete ␤-galactosidase tissue stain solution (containing 5 g X-gal). Tubules were incubated for 10-16 h in the X-gal solution (until intense staining was apparent), postfixed in 4% formalin, and then processed for histological sectioning. Sections were counterstained with Nuclear Fast Red and observed using a Zeiss Axiophot microscope (Zeiss, Thornwood, NY) under brightfield illumination. To obtain optimal testicular morphology, some jsd and busulfan-treated C57BL/6 recipient animals were perfusion-fixed with 5% cacodylate buffered gluteraldehyde (0.05 M sodium cacodylate, pH 7.3-7.4; EM grade gluteraldehyde, pH 7.4) ac- cording to the procedure described by Sprando [10] . The perfused-fixed testis was postfixed for 1 h in 5% cacodylate buffered gluteraldehyde, washed overnight in cacodylate buffer, and then processed for paraffin embedding. Sections were counterstained with hematoxylin and eosin (H&E). For analysis of the remainder of W/W v or C57BL/6 recipients of jsd/jsd stem cells, testis were dissected out and slits in the tunica were made with 30-gauge needles. Testes were placed in freshly made 4% paraformaldehyde and fixed overnight at 4ЊC. Samples were processed for paraffin embedding and H&E staining.
Further analysis was required to discriminate between endogenous spermatogenesis and possible jsd/jsd-derived spermatogenesis in busulfan-treated animals. Because the jsd/jsd mice are on a mixed C57BL/6 ϫ C3H/HeJ background, C3H polymorphisms at alleles outside of chromosome 1 can be used to identify spermatogenesis arising from jsd donor mice. DNA from jsd/jsd donor animals was tested with different polymorphic markers to assess the presence of C3H-derived alleles at locations outside of chromosome 1. Sequence-tagged site primer pair d17MIT123 detected both C57BL/6 and C3H alleles in animals 335, 336, and 338 (donor animals for recipients killed at 3, 5, and 7 mo). Individual tubules from sections containing spermatogenesis were microdissected with a smallbore micropipette using Leica Modulated Contrast (LMC) illumination with a C PLAN 10ϫ/0.22 LMC objective. All of the tubules containing spermatogenesis in sections from at least three different slides/animal were tested for the presence of C3H alleles. Dissected tubules were placed into 15 l of 1ϫ polymerase chain reaction (PCR) buffer (Promega, Madison, WI), 10 g proteinase K, and 0.01% IG-EPAL, and digested overnight at 55ЊC. The proteinase K was inactivated by boiling samples at 95ЊC for 10 min. Debris was pelleted by centrifugation at 15 000 ϫ g and 5 l of the supernatant was analyzed via PCR using chromosome 17 primer d17MIT123.
The conditions for PCR were the following: 3 min at 94ЊC for initial denaturation, 30 sec at 94ЊC for denaturation, 40 sec at 58ЊC for annealing, and 45 sec at 72ЊC extension for 35 cycles. After a final extension at 72ЊC for 3 min, samples were analyzed on a 3.5% agarose gel. A single band of 133 base pairs (bp) was observed with homozygous C57BL/6 DNA and a single band of 155 bp was observed with homozygous C3H DNA. Heterozygote DNA amplified with these primers yields bands of 133 and 155 bp. To determine the efficiency of the microdissection and PCR analysis, tubules from 4-wk-old jsd/jsd animals were microdissected and amplified with d17MIT123. Four-wkold jsd/jsd testis contain spermatogonia in addition to the remnants of the first wave of spermatogenesis. In animals that are polymorphic for d17MIT123, both C3H allele-bearing and C57BL/6 allele-bearing sperm will be present in seminiferous tubules. Both bands were detected in the microdissected, PCR-amplified samples (data not shown). The data indicate that this technique is capable of detecting both alleles with equal sensitivity in a single seminiferous tubule.
RESULTS
As a prelude to positional cloning of the jsd gene, C57BL/6 female progenitors were obtained from Jackson Laboratories and bred to C3H/HeJ males to obtain F1 animals. F1 jsd/ϩ males were then back-crossed with the jsd/ jsd C57BL/6 females to obtain F2 animals. All F2 progeny were tested with markers d1MIT 213, 161, 76, 282, 181, 253, 216, 334, 415, 416, and 94. Females that were homozygous for the B6 allele at all markers were chosen as breeder females and crossed to jsd/ϩ F2 males. Testis histology in the jsd/jsd males produced by this cross is identical to that first reported by Beamer et al. in 1988 [1] (Fig.  1) . Mutant testes show tubules that are devoid of spermatogenesis with occasional primary spermatogonia (solid arrow). Extensive Sertoli cell vacuolization (*) is seen in mutant testis. This morphological feature has been reported in many instances of seminiferous failure arising from diverse etiologies, resulting in Sertoli cell dysfunction [11, 12] . At 6 wk of age, a nearly threefold difference between the normal heterozygote weight and the mutant jsd testis weight was observed, which is reminiscent of the difference in testis weights between normal and mutant animals reported in the original publication ( [1] , data not shown). After 9 wk of age, no spermatogenesis was seen in any jsd animal examined (n Ͼ 50). Transmission of jsd as an autosomal recessive gene is maintained on this background and there is no evidence of a modification of the jsd phenotype by this mating strategy.
Previous data by Brinster and others has shown that transplantation of ROSA 26 spermatogonial stem cells into busulfan-treated C57BL/6 animals results in easily detectable colonization by 3 mo post-transplantation [5] [6] [7] . Using our transplantation technique, similar levels of colonization are observed in busulfan-treated C57BL/6 recipients of ROSA 26 stem cells (data not shown). For the experiments described in this report, recipient testis (C57BL/6, W/W v , or jsd/jsd) were examined at 3, 5, and 7 mo post-transplantation.
To determine if jsd seminiferous tubules are capable of supporting spermatogenesis, ROSA 26 stem cells were transplanted into 8-to 12-wk-old jsd animals. At various time points post-transplantation, the recipient jsd/jsd testes were detunicated and the seminiferous tubules dissected apart with fine forceps and stained with X-gal. At 3 and 5 mo post-transplantation, donor spermatogenesis, as exemplified by X-gal staining, is clearly seen in jsd/jsd tubules (Fig. 2) . All phases of spermatogenesis, including mature spermatozoa (white arrows, hatched circles), and elongating spermatids (black arrows, hatched circles) are apparent in a number of tubules, but it is difficult to determine if normal cell associations are maintained under the conditions required for X-gal staining. To improve morphology, some animals were perfusion-fixed with 5% gluteraldehyde and processed for histological examination. The data indicate that donor spermatogenesis appears qualitatively normal, even up to 7 mo post-transplantation, with organized seminiferous tubules and spermatozoa in the epididymis (Fig.  3B) .
In contrast to the results shown in Figure 2 , donor-derived spermatogenesis was not seen in any W/W v tubule at any time point examined (Fig. 4A) . Because W/W v mice have no endogenous spermatogenesis, any colonization of the tubules would have indicated that jsd spermatogonia can survive and proliferate in an environment that can support spermatogenesis. These tubules are known to support qualitatively normal spermatogenesis (our unpublished data and [5, 6] ). However, because the efficiency of colonization is less in W/W v animals than in busulfan-treated B6 animals ( [5, 6] and our unpublished observations), additional transplants were performed using busulfan-treated C57BL/ 6 animals as recipients. At 3 mo post-transplantation, 1 out of 3 animals had occasional tubules containing some stages of spermatogenesis in both injected and uninjected testis (Fig. 4, B and C) . At 5 mo post-transplantation, 2 out of 3 animals had occasional tubules with spermatogenesis in both injected and uninjected testis. At 7 mo post-transplantation, no spermatogenesis was observed in either injected or uninjected testis. As has been previously reported, mice that received a lower dosage of busulfan (due, perhaps, to leakage at the time of injection) may have some tubule repopulation from endogenous stem cells [5] . To determine if a proportion of the tubules that had spermatogenesis might be derived from jsd spermatogonia, additional analyses was required.
As previously described, the jsd donor animals were bred on a mixed C57BL/6 ϫ C3He/J background. C3H polymorphisms at alleles outside of chromosome 1 can be used to identify spermatogenesis arising from jsd donor mice, because the busulfan-treated recipients are of inbred C57BL/6 origin and have no C3H alleles in their genome. DNA from jsd/jsd donor animals was tested with different polymorphic markers to assess the presence of C3H alleles that could be used to discriminate jsd-derived spermatogenesis. Sequence-tagged site primer pair d17MIT123 detected both C57BL/6 and C3H alleles in animals 335, 336, and 338 (donor animals for recipients killed at 3, 5, and 7 mo). Individual seminiferous tubules from busulfan-treated C57BL/6 recipients of jsd spermatogonia were microdissected and the genotypes were analyzed by PCR using d17MIT123 primers. No C3H alleles were observed in any seminiferous tubule examined (n ϭ 125 tubules from three separate animals; Fig. 5, A-C) . To verify the sensitivity of this assay, seminiferous tubules from 4-wk-old jsd animals that were polymorphic at this locus were microdissected and subjected to PCR analysis. C3H alleles were detected under these conditions (data not shown). Taken together, the data indicate a failure of jsd spermatogonial stem cells to colonize recipient W/W v or busulfan-treated C57BL/6 testis.
DISCUSSION
Jsd animals provide an excellent model in which to study spermatogonial stem cell biology because of the nonpleiotropic nature of the mutation, which effects only male fertility. Although the mutant phenotype was originally characterized as a failure of type A 1 spermatogonial cells to proliferate, recent data suggest that the defect may be one of a failure to differentiate into type A 1 spermatogonia [1, 2] . Because it is not known whether the defect resides in the stem cell component or in the intratubular environment, germ cell transplantation provides an excellent opportunity to independently assess the abilities of the somatic and germ cell components of jsd animals to support stem cell differentiation.
Transplantation of normal germ cells from an animal bearing a ␤-galactosidase transgene into jsd tubules resulted in apparently normal spermatogenesis, which was maintained for the length of the study (7 mo post-transplantation). Although the number of animals observed was small (n ϭ six animals from three different time points), no obvious differences were detected in the number of jsd tubules colonized by the ROSA stem cells versus that seen in previous reports [5, 6] . In addition, spermatogenesis seemed morphologically normal as assessed by the presence of all phases of sperm cell differentiation, including transport of mature spermatozoa to the epididymis. At 7 mo post-transplantation, both normally colonized tubules and tubules containing what has previously been described as ''intraluminal spermatogenesis'' were observed [13, 14] . It is difficult to say whether intraluminal spermatogenesis is real or artifactual from tissue processing, but it has been suggested that injection of peritubular, Sertoli, and stem cell fragment aggregates may be responsible for this observation ( [13, 14] and unpublished observations). Because of the length of time that spermatogenesis is maintained in the jsd recipients and the presence of appropriate cellular associations in the recipient seminiferous tubules, it is clear that hormonal factors in jsd animals are permissive for both transplanted stem cell renewal and for normal differentiation. Therefore, the defect in the jsd mutant is unlikely to reside in the somatic component.
No jsd-derived spermatogenesis was observed at any time point when jsd/jsd spermatogonia were transplanted into either W/W v mice or into busulfan-treated C57BL/6 males. The jsd mice used as donors for these experiments were approximately 4 wk of age. At this age, remnants of the first round of spermatogenesis are present, as are type A spermatogonia. Previous reports have suggested that jsd animals have similar numbers of type A spermatogonia in comparison to normal animals [2] . Thus, because the number of cells injected was identical for both jsd and ROSA mice, it is doubtful that the failure to colonize was due to a lack of jsd spermatogonia in the samples used for injection. It is unlikely that jsd stem cells are sensitive to the harvesting protocol used, because the number of dead cells, as evidenced by trypan blue exclusion, was no different from that seen in the ROSA cell preparations. No evidence of transplant rejection was observed in any recipient of jsd stem cells. The age of the stem cells used for this series of experiments was based upon previously published data that indicated that colonization was efficient when donor cell age was between 21 and 28 days [5] . Because an initial round of spermatogenesis is seen in jsd testis, it is possible that stem cells taken from younger animals may yield different results. Further experiments must be undertaken to examine this possibility; however, on the basis of data from this series of experiments, it is clear that jsd spermatogonia from approximately 4-wk-old animals are unable to colonize normal seminiferous tubules. In conjunction with the success of transplantation of normal spermatogonia into jsd seminiferous tubules, the data indicate that the jsd defect lies in the germ cells rather than in the somatic component.
The results in this series of experiments are in discord with the interpretation of previous studies in which data suggested that the jsd defect may be of somatic origin. In a report from Mizunuma et al. [3] , transplanted jsd/jsd seminiferous tubules failed to support spermatogenesis when injected into W/W v testis. Spermatogenesis was restored in seminiferous tubules from cryptorchid animals transplanted into jsd testis. Our data demonstrate the ability of the seminiferous tubules of jsd animals to support transplanted spermatogenesis, but not returning to endogenous spermatogenesis, which argues against Sertoli cell dysfunction. In the light of the current findings, an alternative explanation for the results of the Mizunuma et al. [4] paper is that the failure of transplanted jsd/jsd seminiferous tubules to support spermatogenesis is due to a germ cell failure rather than a Sertoli cell dysfunction.
Data from Matsumiya et al. [4] suggested that hormonal factors, specifically high intratesticular levels of testosterone, played a role in the jsd defect, inhibiting normal spermatogonial differentiation. These studies used continuous infusion of a GnRH antagonist to suppress testosterone in jsd mice, scoring the number of seminiferous tubules with more than two spermatocytes at 4 and 8 wk post-therapy. No differentiation was observed past the spermatocyte stage in these studies, and the extent of recovery was dependent upon the age at which therapy was begun. Because the authors did not determine whether jsd spermatogenesis could continue after therapy was discontinued, no definitive statement can be made from these data about the capacity of jsd stem cells to undergo normal differentiation. The current data predicts that jsd stem cells would fail to maintain normal differentiation.
To date, most germ cell transplantation experiments have relied on either W/W v males or on males rendered sterile by chemical (e.g., busulfan) means. The success of injections in W/W v is less than that seen in chemically sterilized animals and chemical sterilization of animals is not always 100% reliable ( [6] and current report). Jsd animals may be useful recipients for stem cell transplantation because they are sterile without pleiotropy and without the use of toxic chemicals. They are easily bred and the current study demonstrates that when injected with normal stem cells, jsd testes are capable of maintaining qualitatively normal transplanted spermatogenesis for at least 7 mo postinjection. They may therefore provide a viable alternative to other models currently in use for germ cell transplantation experiments.
The data in the current report, in conjunction with the nonpleiotropic phenotype of jsd animals, suggest that the gene responsible for this defect is either expressed exclusively in spermatogonia or has a spermatogonial cell-typespecific splice variant. This product is likely required either for the commitment of type A spermatogonia to the differentiation pathway or for the maintenance of the differentiating population of A 1 spermatogonia. It is clear that the jsd gene product is not required for the initial wave of spermatogenesis because this occurs in mutant animals in a seemingly normal pattern. This raises the interesting possibility that there is a functional difference between spermatogonia that undergo the first wave of spermatogenesis and those that are responsible for maintenance of adult spermatogenesis. Further research is needed to examine this possibility.
Defects in spermatogonial differentiation have been reported in many mouse models of infertility, including Steel mutants and in animals deficient in bone morphogenetic protein 8B (bmp8B), both of whose gene products are growth factors [2, 15, 16] . It is possible that jsd encodes a growth factor receptor or even a novel growth factor that is required for spermatogonial differentiation, but the exact mechanism of this defect will remain unclear until the gene is cloned. Positional cloning of the gene responsible for this mutation is currently underway.
